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随着 IEEE 802.11 系列标准的颁布，无线局域网以其灵活布设、高带宽和无
线接入的优势，成为一种很有发展前景的互联网接入解决方式。由于 MAC 层对无
线网络的性能有着重要的影响，因此设计一个高效的 MAC 协议显得尤为重要。 
当前很多 MAC 协议采用速率自适应机制来适应无线信道，这就使得单一的网
络中存在多种速率。许多研究者对多速率 MAC 性能进行分析，但没有考虑信道错
误对其性能的影响，因此本文的研究内容之一就是分析多速率 IEEE 802.11 MAC
在高斯信道和衰落信道下的性能。 
另外，现有的 IEEE 802.11 协议在多速率网络下存在明显的性能缺陷。因此
本文通过实验系统地评估了当前的各种解决多速率网络性能异常的方法，然后提




低数据信道的利用率。因此，本文以 DCA(Dynamic Channel Assignment, DCA)
为例，分析了基于专用控制信道的多信道 MAC 协议的性能。在此基础上，提出基
于自适应竞争窗口机制的 DCA 协议(Adaptive Window DCA, AW-DCA)。仿真表明，
AW-DCA 有效地提高了网络的吞吐量。然而，AW-DCA 毕竟还是基于竞争接入的，
因此本文进一步提出基于完全碰撞避免的 DCA 协议(Collision Avoidance DCA, 
CA-DCA)。实验表明，该方案又比 AW-DCA 有了较大的性能提高。 
















As the publication of a series of IEEE 802.11 standards, wireless area local 
network becomes a promising solution to Internet due to its flexibility, broadband and 
wireless access. Since MAC protocol has significant impact on the performance of 
wireless networks, designing an effective MAC protocol becomes more important. 
Many MAC protocols use rate-adaptive mechanism to adapt the wireless channel, 
thus there are multiple rates exist in the single network. Many researchers have 
analyzed the performance of multi-rate MAC. However, they cannot consider the 
impact of channel error. Thus, one of major works in this thesis is to analyze the 
performance of Multi-rate IEEE 802.11 MAC over Gaussian and fading channel. 
In addition, current IEEE 802.11 faces the performance anomaly in multi-rate 
network. This thesis evaluates the various methods to solve the performance anomaly, 
and then proposes a new method based on collision avoidance, known as Collision 
Avoidance Multi-rate MAC (CAMR-MAC). The simulation results show that 
CAMR-MAC can effectively improve the performance of multi-rate network and 
guarantee the temporal fairness in the network. 
Finally, we take DCA (Dynamic Channel Assignment) for example to analyze 
the throughput of Multi-channel MAC based on dedicated control channel. Besides, in 
this multi-channel MAC protocol, the collision in control channel greatly reduces the 
utilization rate of data channel. Thus, we propose a DCA based on adaptive window, 
known as Adaptive Window DCA (AW-DCA). The results show that AW-DCA can 
effectively enhance the performance of network. However, AW-DCA is based on the 
contention access, which can not fully avoid the collision. Thus, we propose a new 
method called Collision Avoidance DCA (CA-DCA). The simulation results show that 
CA-DCA has better performance than that of AW-DCA. 
















第 1 章 无线局域网 MAC 协议概论.......................................................1 
1.1 无线 MAC 协议的主要功能及技术指标 .........................................................1 
1.1.1 无线 MAC 协议的主要功能 ................................................................1 
1.1.2 无线 MAC 协议的主要技术指标 ........................................................1 
1.2 IEEE 802.11 DCF 协议简介、面临问题及解决方案 ..................................3 
1.2.1 IEEE 802.11 DCF 协议简介 ..................................................................3 
1.2.2 IEEE 802.11 DCF 协议面临的问题及解决办法 ..................................4 
1.2.3 IEEE 802.11 标准对多信道和多速率的支持 .......................................6 
1.3 多速率 MAC 协议综述 .....................................................................................7 
1.3.1 IEEE 802.11 在多速率网络中存在的问题 ...........................................7 
1.3.2 目前的研究情况....................................................................................9 
1.4 多信道 MAC 协议综述 .................................................................................10 
1.4.1 多信道 MAC 协议存在的问题 ..........................................................10 
1.4.2 目前的研究情况..................................................................................12 
1.5 本文的主要工作及创新点 ............................................................................14 
第 2 章 多速率网络性能分析 ............................................................... 15 




2.2 多速率 IEEE 802.11 网络在衰落信道下的性能分析 ...............................28 
2.2.1 IEEE 802.11b 物理层各种调制解调方式的误码性能 .......................28 
2.2.2 Nakagami 衰落信道模型 .....................................................................30 
2.2.3 多速率 IEEE 802.11 在衰落信道下的性能分析 ...............................32 
2.3 动态调整 RTSThreshold ...................................................................................34 
2.3.1 不同速率的节点比例对 RTSThreshold 的影响 ......................................35 















第 3 章 多速率 MAC 协议改进............................................................ 41 






3.2 基于竞争窗口区分机制 ...............................................................................48 
3.2.1 基于竞争窗口区分机制的多速率 IEEE 802.11 协议性能 ...............48 
3.2.2 基于竞争窗口区分机制的多速率 IEEE 802.11 的公平性 ...............50 
3.3 基于包长区分机制 .......................................................................................55 
3.3.1 各个不同速率节点所要传输的最优包长..........................................55 
3.3.2 基于包长区分机制的多速率 IEEE 802.11 协议性能 .......................57 
3.3.3 基于包长区分机制的多速率 IEEE 802.11 的公平性 .......................59 
3.4 基于帧间间隔区分机制 ...............................................................................63 
3.4.1 基于帧间间隔区分的多速率 IEEE 802.11 协议性能 .......................64 
3.4.2 基于帧间间隔区分的多速率 IEEE 802.11 协议的公平性 ..............67 
3.5 基于碰撞避免的多速率 MAC 协议(Collision Avoidance Multi-Rate  
MAC, CAMR-MAC) ...................................................................................................71 
3.5.1 CAMR-MAC 简介 ...............................................................................71 
3.5.2 CAMR-MAC 协议的性能 ...................................................................74 
3.5.3 CAMR-MAC 协议的公平性 ...............................................................76 
第 4 章 多信道 MAC 协议的性能分析及改进 ................................... 81 
4.1 基于专用控制信道的两种经典的多信道 MAC 协议 ...................................81 
4.1.1 DCA(Dynamic Channel Assignment)...................................................81 
4.1.2 MMAC(Multi-channel MAC) ..............................................................85 
4.2 DCA 协议的性能分析 ....................................................................................89 
4.2.1 Markov 链模型 .....................................................................................90 
















4.3 基于自适应竞争窗口机制的 DCA 协议(AW-DCA) .......................................93 
4.4 基于碰撞避免的 DCA 协议(CA-DCA) ...........................................................94 
第 5 章 结论及展望 ............................................................................... 96 
5.1 研究工作总结 ...............................................................................................96 
5.2 未来的研究方向 ...........................................................................................97 


















Chapter1 Introduction of MAC Protocol in WLAN .............................1 
1.1 The Main Function and Performance Evaluation Merits of Wireless MAC 
Protocol ...................................................................................................................1 
1.1.1 The Main Function of Wireless MAC Protocol ......................................1 
1.1.2 The Mian Performance Evaluation Merits of Wireless MAC Protocol ..1 
1.2 IEEE 802.11 DCF, Problems and Solutions ...................................................3 
1.2.1 Introduction of IEEE 802.11 DCF ..........................................................3 
1.2.2 The Problems and Solutions of IEEE 802.11 DCF.................................4 
1.2.3 The Support of Multi-rate and Multi-channel from IEEE 802.11 
Standards..........................................................................................................6 
1.3 Summary of Multi-rate MAC Protocol..........................................................7 
1.3.1 The Problem of IEEE 802.11 in Multi-rate Network..............................7 
1.3.2 Current Researches .................................................................................9 
1.4 Summary of Multi-channel MAC Protocol .................................................10 
1.4.1 The Problem of Multi-channel MAC Protocol .....................................10 
1.4.2 Current Researches ...............................................................................12 
1.5 Contents and Creations .................................................................................14 
Chapter2 The Performance Analysis of Multi-rate IEEE 802.11 
Network................................................................................................... 15 
2.1 The Performance Analysis of Multi-rate IEEE 802.11 Network over 
Gaussian Channel ................................................................................................15 
2.1.1 Transmission Probability ......................................................................15 
2.1.2 Saturation Throughput ..........................................................................19 
2.1.3 Model Evaluation..................................................................................23 
2.2 The Performance Analysis of Multi-rate IEEE 802.11 Network over 
Fading Channel ....................................................................................................28 
2.2.1 The Performance of Various Kinds of Modulation and Demodulation of 
IEEE 802.11b Physical Layer ........................................................................28 
2.2.2 The Nakagami Fading Model ...............................................................30 
















2.3 Dynamically Adjust RTSThreshold ...................................................................34 
2.3.1 The Impact of Different Rate Ratio on RTSThreshold ..............................35 
2.3.2 The Impact of Different Number of Stations on RTSThreshold ................38 
Chapter3 The Performance Enhancement of Multi-rate MAC 
Protocol ................................................................................................... 41 
3.1 The Method Based on Adaptive Window.....................................................41 
3.1.1 The Impact of Contention Window on the Performance of Network ...41 
3.1.2 The Algorithm of Adaptive Contention Window..................................43 
3.1.3 The Performance of Adptive Contention Window Mechanism over 
Single-rate Network .......................................................................................43 
3.1.4 The Performance of Adaptive Contention Window Mechanism over 
Multi-rate Network ........................................................................................46 
3.1.5 The Disadvantage of Adaptive Contention Window Mechanism.........48 
3.2 The Method Based on Contention Window Differentiation.......................48 
3.2.1 The Performance of Multi-rate IEEE 802.11 Based on Contention 
Window Differentiation .................................................................................48 
3.2.2 The Fairness of Multi-rate IEEE 802.11 Based on Contention Window 
Differentiation................................................................................................50 
3.3 The Method Based on Packet Size Differentiation .....................................55 
3.3.1 The Optimal Packet Size of Different-rate Stations..............................55 
3.3.2 The Performance of Multi-rate IEEE 802.11 Based on Packet Size 
Differentiation................................................................................................57 
3.3.3 The Fairness of Multi-rate IEEE 802.11 Based on Packet Size 
Diffrentation...................................................................................................59 
3.4 The Method Based on Interframe Gap Differentiation..............................63 
3.4.1 The Performance of Multi-rate IEEE 802.11 Based on Interframe Gap 
Differentiation................................................................................................64 
3.4.2 The Fairness of Multi-rate IEEE 802.11 Based on InterframeGap 
Differentiation................................................................................................67 
3.5 Collision Avoidance Multi-Rate MAC Protocol(CAMR-MAC) ................71 
3.5.1 The Introduction of CAMR-MAC Protocol..........................................71 
3.5.2 The Performance of CAMR-MAC Protocol.........................................74 















Chapter4 The Performance Analysis and Enhancement of 
Multi-channel MAC Protocol ............................................................... 81 
4.1 The Two Classic Multi-channel MAC Protocols Based on Dedicated 
Channel .................................................................................................................81 
4.1.1 DCA(Dynamic Channel Assignment)...................................................81 
4.1.2 MMAC(Multi-channel MAC) ..............................................................85 
4.2 The Performance of DCA Protocol...............................................................89 
4.2.1 Markov Chain Model............................................................................90 
4.2.2 M/M/K Queue Model ...........................................................................90 
4.2.3 Model Evaluation..................................................................................92 
4.3 DCA Protocol Based on Adaptive Contention Window(AW-DCA)...........93 
4.4 DCA Protocol Based on Collision Avoidance(CA-DCA) ............................94 
Chapter5 Conclusion and Future Work .............................................. 96 
5.1 Conclusion ......................................................................................................96 
5.2 Future Work ...................................................................................................97 
Research Work and Achievement During Pursing Master Degree... 98 
Acknowledgements ................................................................................ 99 














第 1 章 无线局域网 MAC 协议概论 
1 
第 1 章 无线局域网 MAC 协议概论 
当前无线局域网的MAC层主要使用IEEE 802.11，因此本章首先介绍无线MAC
协议的主要功能及技术指标。然后介绍 IEEE 802.11 DCF 协议、其存在的问题及
目前的解决方案，如速率自适应 MAC 协议主要利用无线信道的特性，而多信道
MAC 协议主要是为了更好地解决暴露终端问题。接着讨论目前多速率 MAC 协议存
在的问题及研究进展，并进一步讨论多信道 MAC 协议存在的问题及研究状况。最
后指出本文的主要工作及创新点。 
1.1 无线 MAC 协议的主要功能及技术指标 
本节主要介绍无线 MAC 协议的主要功能，接着指出其主要的性能衡量指标。 
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时间内，节点成功发送的数据为 L(bit)，则吞吐量 S为 
LS
T





































       (1-1-2) 
这里 n表示节点的个数。Si是第 i个节点被分配到的资源，如衡量吞吐量公
平性，Si就表示第 i个节点的吞吐量；如衡量占用信道时间的公平性，Si就表示



























1.2 IEEE 802.11 DCF 协议简介、面临问题及解决方案 
本节首先介绍 IEEE 802.11 DCF 协议，然后指出现有的 IEEE 802.11 DCF 协
议存在的不足之处：未考虑无线信道的衰落特性和暴露终端等问题。最后针对这
些不足之处提出相应的解决办法——也即本文主要的研究内容。 










CWmin，如在 802.11b[8]中 CWmin 为 32。如果数据包正确接收，接收节点将等
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2. RTS/CTS 接入的 DCF 协议 
如图 1-1-1(b)所示，在发送数据包前，发送节点和接收节点交互 RTS/CTS
控制包。如果接收节点正确接收到 RTS 控制包，它就回复 CTS 控制包。邻居节点
收到 RTS 或 CTS 控制包就延迟数据传输。延迟的时间是由这些控制包中的相应的













图 1-1-1 IEEE 802.11 DCF 接入协议 
 
1.2.2 IEEE 802.11 DCF 协议面临的问题及解决办法 
当前的 IEEE 802.11 DCF 协议只针对单速率单信道协议，没有考虑到无线信
道的一些特性，而且由于原有的单信道协议受限，其暴露终端问题特别严重。下
面我们主要介绍 IEEE 802.11 协议的两点不足及解决办法。 
1. IEEE 802.11 DCF 协议未能考虑到无线信道的特性及其解决办法 
由于无线信道特性十分复杂，如具有多径和多普勒效应等，从而使接收信号
高低起伏。在此情况下，如果 MAC 协议未能很好地考虑这一特性，将使得网络吞
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的 运 动 速 度 为 1m/s(3.6km/h)—20m/s(72km/h) ， 那 么 信 道 相 干 时 间 为







的传送时间是很困难的，从而导致了 MAC 层的无法正常工作。 
2. 单信道 IEEE 802.11 MAC 的局限性及解决办法 
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